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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECENICAL NOTE NO. 907
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SOME INVESTIGATIONS OF THE GENERAL INSTABILITY
OF STIFFENED METAL CYLINDERS
ITI -~ CONTINUATION OF TESTS OF WIRE-BRACED SPECIMENS
AND PRELIMINARY TESTS OF SHEET-COVERED SPECIMENS

Guggenheim Aeronautical Labdoratory
.California Institute of Technology

This is the third of a series of reports
covering an investigation of the general
ingtability problem by the California
Ingtitute of Technology. The first five
reports of this series cover investiga-
tions of the general instability problem
under the loading conditions of pure bend-
ing and were prepared under the sponsor-
ship of the Civil Aeronautics Administra-—
tion. The succeeding reports of this’
series cover the work domne on other load-
ing conditions under the sponsorship of
the.National Advisory Committee for
Aeronautics. .

INTRODUCTION

This report is concerned primarily w1th the contlnuaf
tion of the tests of wire—braced specimens (references 1
eand 2), and preliminary tests of sheet—~covered specimens
that had been made in the experimental investigation on
the problem of the general instability of stiffened metal
cylinders at the C.I.T. Tests have been completed on the
first series of specimens. These specimens were con~-'
structed, using‘'one size of frame and longitudinal and
were given torsional stiffness by a wire nefwork. A
discussion of this type of specimen is given in appendix
B of the second report of this series..(reference 2). In
this set of specimens longitudinal spacing was varie&

from 2.53 inches to 10.12 inches and the frame snaclng was”"

varied from 2 inches %o 32 inches.
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In addlition to.the previous set of specimens, four
cylinders with the same size frame and longitudinal and
covered with 0.010~-inch~-thick 1785-T dural sheet have been
tested. A tentative correlation parameter has been found
and i1s discussed more fully in the body of the report.

EXPERIMENTAL INVESTIGATION OF FIRE-BRACED SPECIMENS

Details of the specimens and of the testing procedure
are given in reference 2. Table I gives the complete set
of specimens which have been tested and gives the number
of frames and longltudinalg in each specimen and the
feiling-bending moments. Specimens 1 to 15 were discussed
in reference 2, while this report presents the data gath-
ered from the tests of specimens 16 to 24.

Tables II, III, and IV give the section properties
and the failing bending moments for the specimens having
varlous frame spacings and 2.53-, 5.06-, and 10.12-inch
longitudinal spacings, respectively. These data are
plotted in figure 1, showing the failing-bending moment
as a function of frame spacing. for each of the longitu-

dinal spacings tested.  These three curves indicate clearly

that the effect of changing the frame spacing 1is reduced
as the frame spacing becomes larger. Since there are no
@iscontinuities or sudden changes of slope iIn the curves,
it is concluded that essentislly the same type of failure
took place in all of the specimens tested. This was Dorne
out by the observations during the tests., since only one
specimen - 21, which had a 5.06~1inch longitudlinal spacing
and a 32-inch frame spacing - showed any tendency ftoward
the panel-type of failure. All other fallures were of
the general 1instability type in which both lonrngitudinals
and frames showed marked deflections at failure.

An item of interest is the compression stress in the
most highly loaded longitudinal when the cylinder is sub-
jected to the failing bending moment. This has been cal-
culated and is shown plotted in figure 2 against the frame
spacing. This set of curves indicates that the critical
longitudinal stress is not a simple function of the longi-
tudinal spacing, but reaches & maximum for some spaclng
between 2.53 and 10.12 inches for frame spacings greater
than 2 inches. However, at a frame spacing of 2 inches
it is seen that the curves cross and the 10.l2-inch loangi~-
tudinal spacing glves the maximom value for the critical
stress.
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The work of Dschou, which was discussed in referencs 1,
indicated that the critical stress was a linear function
of the parameter vrf;fgffg. The experimentally determined
critical stresses have been plotted in figure 3 against
this parameter, and it is immediately evident that a lin-
ear relationship does not hold. Figures 2 and 3 indicate
that further study is necessary in order to determine the
dependence of the critical longitudinal stress on the
vhysical constants of the test specimen.

In order to obtain some measure of the efficiency of
the various frame and longitudinal combinations, & moment-
weight ratio was calculated for each specimen. The results
of this calculation are shown in figure 4, and they indi~’
cate that the spscimens with 2.53- and 5.06-inch longitu-
dinal spacings have the same structural efficiency; how-
ever, the maximum value occurs for different frame spacings
in the two series. The series with the 10.12~inch longi-
tudinal spacing falls considerably below the other two
curves and it does not appear that specimens with this
spacing of longitudinals could ever bs made as efficient
as those with the smaller longitudinal spacings.

The maximum radial deflections as a function of the
applied bending moments are plotted in figures & and 6.
These two figures are similar to filgure 54 (reference 2)
on which were plotted the data for specimens with a longil-
tudinal spacing of 2.53 inches. The shape of these curves
indicated that it might be possible to apply the Southwell
method of detsrmining the asymptotic value of the maximum
bending moment. In this method, & 1is plotted agsainst
8/M and the inverse slope of the resulting straight line
is equal %o the horizontal asymptote of the M against
the 8 c¢urve. This method was tried in several cases and
was found to give a value for the horizontal asymptobte
somewhat higher than that obtained experimentally. in
most cases the experimental value of the failing bending
moment was between 80 and 90 percent of the wvalue obtalned
by using the Southwell method. : ST

EXPERIMENTAL INVESTIGATION OF SHEET-COVERED SPECIMENS

Before additional tests on wire-braced specimens were
made, it was decided to test a limited number of sheet-
covered specimens in order to determine whether a correla-
tion could be obtained bastween the failing bending momenis
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on the two types of structure. . In other words, it was

desired to know whether it would be possible to predict
the failing bending moment of a .sheet-covered specimen

from the results obtained in testing a similar specimen
without. sheet covering, but which was wire-dbraced.

To date, four specimens havigg the same type longitu-
dinals and frames as those used in specimens 1 to 24 and
covered with 0.010~inch~-thick 178-T dural sheet have been
tested. Table V gives the properties and failing bending
moments of these specimens aand figure 7 shows the varia-
tion in falling bending moment with frame spacing as
compared to that obtained in the representative wire-braced
specimens, It is interesting to note that there is almost
a congtant multiplying factor between the two critlcal
bending moments on specimens with the same frame spacing.
The correct significance of this factor is one of the
problems which 1s now belng investigated from the theoret-
ical standpoint.

NORMAL RESTRAINT COEFFICIENT

During the testing of both the wire-braced and the
sheet~-covered specimens, it was observed that the resist-
ance of the gpecimen to any externally applied radial load
became less and less as the bending moment on the specimen
was increased. It was therefore decided to make accurats
measurements of this property of the specimen in order to
detoermine whether it might be connected in s¢ome mannser
with the unltimate strength of the structure.

In order to measure thls resistance to radial deforma-
tion, welghts were hung at the center of the lowest (com-
pression) longitudinal, and the radial deflection, (8) was
measured at the weight attachment point. This was done
‘with the specimen in the unloaded state and also for various
valued of increasing bending moment. 4 typical seriea of
results 1s showzn in figure. 8., This family of curvesg indi-
cates clearly that the resistance to any radlal loed de-
creases as the appllad bending moment on the structure
increases. .

Similar sets of curves have been tmwken for a number
of the specimens tested, and the resulis have all bVeen
plotted as shown by a typical curve in figure 9. In this
curve, the slopes of the P against the & .curves have
been plotted as ordinates and the applied bending momentsa

-
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as abscissas. All of the curves which have been investi-
gated to-date show a nearly linear relationship betwsen

P/8 and a bending moment up to approximately 70 to 75
percent of the failing bending moment. Beyond this point,
the linear relationship no longer holds, the P/§ values
falling rapidly aes the feiling bending moment is approached.

Further investigations showed that the value of P/8
was directly connected with the ultimate load which could
be carried by the structure. This is strikingly shown by
figure 10 in which the failing bending moment for a number
of specimens hes been plotted against the respective P/8
values, the specimens being in the unloaded state. 4As is
indicated in this figure, six wire-braced and four sheet-
covered speclilmens have been tested and no specimen varies
more than 8 percent from the mean straight line. Table VI
gives the details of the specimens considered in figure 10.

It is felt that the discovery of the relationship
indicated in figure 10 may greatly affect future methods
of anelyslis and design of structures sudbject to & general
instability ‘type of failure. The first item of importance
ig the fact that the radial stiffness of a stiffened cyl-
inder is in some way a measure of the ultimate bending
moment which such & structure can support. Secondly, it
may bLe possible to test simple wire-braced specimens and
extrapolate the results to more expensive sheet-covered
structures. Furthermore, if the results of figure 10 ere
found to be general in nature, the tests can be made with-
out avplying any load to the structure-other than those
loads necessary to obtain the P/§ values.

If the above principlies are substantiated by further
investigation, testing of existing structures will be com-
paratively easy; however, the results as yet yield no
method of caleculating the allowable bending moment for
proposed desligns. For thisg purpose, it will be necessary
to determine the parameters which fix the value of the
restraint coefficient for any structure.

All specimens so far tested have failed by a general
instability type of buckling. For these specimens, it
appears that it is immaterial whether the normal restraint
coefficient is measured at a frame~longitudinal joint or
at some point on the longitudinal between two frames. It
is believed that this will not ve the case in structures
which are subject to & pansel-instability type of failure,
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and- such a result mey lead to a method of determining the
type of failure to which a particu}ar struzcture is subject.

Guggenheim Aeronautical Laboratory,
California Institute of Technology,
Pagadena,. Calif., July 1939.

REFERENCES

1. Guggenheim Aeronautical Laboratory, Californias Ingti~
tute of Technology: Some Investigations of the
General Instability of Stiffened Metal Cylinders.
I - Review of Theory and Bibliography. T.N. No.
905, NACA, 1943. '

2. Guggenheim Aeronautical Laboratory, Celifornia Insti-
tute of Technology: Some Investigations of the
General Instability of Stiffened Metal Cylindera.
II - Preliminary Tests of Wire~Braced Specimens
and Theoretical Studies. T.N. No. 906, NACA, 1943.




Pure Bemding

Table I.

Experimmtal Data - Sét 1

Tests of

jtudinal ~ Frame Combinatiend

“Without Shegg Covering

All Longitudinals § All Prames Fy
Spesimmn | lancitudioal | Pailing Peseription
e, Spacingl Wa, |Spacing/No. Mowment - 1bs of Test Bemarks
1 .55 |40 4" (15 33,300 ¥o wire bracing Longitudinals failed in siremmferemtial éirestim
2 . . . " 90,000 Wire bracing Longitudinale fuiled in redial drestim
1/2 wave complets lmgth of spesimen.
3 . e = % 1 37,000 Wire treeing Genersl instebility ssms as spesimem Ne. 2.
4 * " g | 7 | 60,800 Wire braeing Gen. inst. 1/2 wave seplete lemghh of speeimen,
| 2 . . 16 | 3 | 49,000 Wire brmoing Gen, inst., however, spesimm lscked lilw cembimation
. of am)]l waves betwewmn frames and e leng 1/ wave.
] » . n 2 40,000 Eir. braeing Bimilar te apeoimsn 0. General inswmblliyy.
] . " s2* |1 | 36,30 ire breeing Speeimans started t» foil betwesmn fromos, hawser,
as deflestion inerensed, frame failed,
8 L 8"+ | 0 | 18,000 Wire brasing Towg. feiled in one leng 178 wave in rad. direstiom,
9 " " F B $ .1 8 60,000 Eu wirs braeing Lengitudinals failed in e¢ireumferential direstiom,
=YY L ) L -y . vy T = = =TT — T T -r = Y Y]
i0 = = £ |S1 | 20,000 wire brae Bottam legitudinal feiled partiy in radiai diree~
’ | 8] tim mad partly in sireusferwatil.
11 " " F o 000 braein, tm
m oo Rretmebs | ShePhadl) Badetio dndme e
12 . bl ™ 51 (114,000 ire bracing Genersl instability, ons long half wave
| ) . lengitudinals falled ia radial direstliam.
13 5.06" |20 ¥ (31 | 65,000 re bracing Gen. inat., length of buskie was iess than leagth
of spesimen, about 235 frames falled.

.!otn.l.lngth of speoimen, distanos betwsen supports,
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Table I oont.

Experimental Data = et I

Specimen | Langitudinel | Prame |Failing Deaoription
Na, Spaoing| Ho. |Spmaing|No, |Mcnent - lbs], aof Test Ronarks
14 10.124 | 10 FLEN KT 33,000 Mire hrasing Gen, inst., one to ode.snd half complete waves in
length~wise direation,
r 16 o 12 10 v |51 | 31,500 Wire bracing General instability, one smd half waves in length-
' wine direotiom, .
18 10,124 | 10 4" |18 | 26,500 Wire brsoing General instability, cne and half waves in length~
4" Prane: x 2.5% wine diredtion.
SHALT,
17 10.12B | 10 2% |16 | - 25,600 "Wire brascing Genersl instability, BSeveral waves,
18 5.06 | 20 &% |16 | B5,000 | Wire bras eral insbability.
A"F x 2.5" Btiff. | 1/2 wmve,
15 5.08 |20 8% |7 | 43,800 5°F x 0" BEiff.
20 5,06 |20 6" |3 | 31,000 bra, '
’ 'g};.: gaojsﬁff.
21 6.06 {20 32" (2 | 22,300 5°F x 8" Btiff, Panel instability. Only slight deformtion of
fl‘lﬂl-
22 6.06 |20 s2* |1 | 21,000
23 J10.a2 Ji0 | e |7 | 19,000 5"F x 8" Stiff, | General instability. 1/2 wave.
24 10.120 [10 18" |3 | 14,600 10"F x 16" Stiff, | General instability, 1/2 wave,

A = Single longitndinal st muximm stress,

B = Two longitudinals equal dstance from

TON 310K 1®3TAI9] WIVH
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Table II.
The Effect of the Frame Spaoing on
the Bending Strength of the Cylinders
Sp-;:.l Longitudinal Frame Failing Meximm
Yoelhrex | Bom, of | Spmo.| I;_sod | 1ype|Aves | Mom, of|Bpac.]No. of| I, 106 Mament | Compr, Typs of Failure
Ko. A‘m’- inertia | b jng I Ap, 2 inertia dypg |Trames - B.M. | stress
I1.x10% 1gx10° sn 64" in-1bs.] at
n Failurs
T
12 81. 0324 3,74 2,58 | 1.478 F5 L0291 | 1.537 2 31 7.680 }114,000] 11,160 Genersl instability
2 " " " . " " " . 4 16 | 3.845 | 90,000| 8,810 v u
3 | " " " " v . * 4 15 s 87,000} 8,500 " »
4 " n " " " " . b 8 7 1,928 | 60,800( 65,950 * .
B 1" . - ¥ J ¥ ' * 18 x [0.082 | 49,000 4,800 | Wearly panel instability
6 |" . " ¥ n " » o 32 2 0,481 | 40,000| 3,810 Kearly pansl inatability
7" * . = = = = = 3z 0.481 | 36,500{ 3,555 | General instability
]
Mowent of inertis of complete specimen ® I, = 161.0 **
Radius to center of stiffener R = 15.76"
Number of stiffeners = 40
s s « D T w 1Rk 72
%'- A S AL gy AR A Ve W g .0979131
Igp 161.0
Leagth of specimen ~ 84",




Tatle III.

The Effect of Changing the Frame Spacing n
the Hending Strength of Cylinders

Longitudinal Spasing ® §,06"

Spea, Longitudinal Frume Failing Maximan
] Homant Compr,
in .1101‘ i ‘f’nzh"gé“m 8 27 | in-dbs, at
Lp2 0 gt el In 64 Failure
_ Oz
13 L0824 | 3,74 5.06 |.739 |¥g |.0200 | 1.587 | 2*}| m | 7.690 | 65,000 12,729
18 " . » " " . " 4" | 16 | s.846 | 58,000 10,771
19 v v . » . " " o 7 | 1.923 | 43,800 8,577
20 K " . 0w e » | e« J1ev| 3 | o.082 |m,000 8,07
21 - . . " " " . g2" 2 | 0.461 | 22,300 4,367
22 . ) " " n ' L s2* | "1 | 0.481 [22,000 4,112

4
hmtotinorﬁlufomplmlp-dnm'l.p'ao.wm'

Radiva to osnter of lmgitudinals R = 1§, 76"

A B ™ o == ™

VL p——
1 LOOELVUOIIRLE ~ LJ

I, gy

Ea

Length of speoime = 64"
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Table XV.
The Effect of Changlng the Frame Spacing on

the Bending Strength of Cylinders

engitudinel Spacing = 10,12
Spes.] - Longltudinal Frans Failing Naximum
N Type |Area |Mom. of | Spas. |I, x104 hrpo'Aru Eon, of|8pec, [No. of| I 1'106 ]lgq;.nt c:pr.
Oe Ay jnBlinertia |b tas — Ap in?{inertiafd ins|frames|. - sirexs
1‘1104 4 Tox10 1 6an d in-1bs,.  at
in : ] Fallure
i Ter
14 |8 fosa4 |s.7a |l0.124 .57 [Py |.0200 ] L.637 | 2" | 31 | 7.690 | 33,000 12,926,
15 | | " 10.131{ n . n . 2" | 31 | 7.690 | 31,500 9,406
1 v |= . 10124 * |°® " " 4" | 16 | 5.845 26,600 | 10,380
17 i | . 10.124 " | . n 4" | 16 | 3.845]25,600 7,614,
23 v | " 1o.m! no e . " g" | 7 | 1.925 {19,000 7,842,
24 |* | " 10,.m| v e | om “ 18" | 3 | 0,962 |14,500 5,680,

A - Single longitudinal at maximm stress.

A-= Noment of Inertis of complete specimen = ISp = 40.24 111.4

Y = R (Distance to extreme fiber.)

Badius to oenter of longitudinsls = R = 15.76"

Humber of langitudinals = 10

. ”
- T ——
e

B « Two lmgitudinals equal distance from t

B - Moment of inertis of ocomplets speoimem

Y-

= I'sp - 50.19 in.a

15. 0"

Length of speoimen = 64"

4

g1
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Table V.

Experimental Data = Set 2

Pure Bending Tests of Longitudinal - Frame Combinatims

Without Sheet Covering

{06 °ON 10N TEBOTUYOS] VOVN

Speoc. Tengitudinal Trame Gheet Tailing Type of Pallure
No- Hype [Area | Nom. of [Spac, | Type | Ares Mom, of | Bpao,| ackuess) Momant
Ag In morki:n b A, in? inertia | 4 t BoMop,
I'xlo !n‘. Iﬂlo jn'- ‘hll. m-lbﬂ.
2 |s, |.0324 A 74 2,63 | Fy .0201 | 1,637 8 | 010 220,000 | General instability
, 1/2 wave in length of spec,
8 | " ) w | " " 4 " 274,000 | General instability
' 1 wave in length of spec.
27 | " " w |'n " " 2 . 369,000 | General instability
_ 1 wave in length of spec.
28 " " " LI A " . 18 " 168,500 | -General instability
Near panel type.
All material 178-1

Redius to center of longitudinal = 15, 76"

Number of longitudinal = 40

Length of specimen = 64"

2T
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TABLE VI
FAILING MOMENT AND NORMAL RESTRAINT COEFFICIENT

[Radius of specimen, 15.76 in.; ZLength of specimen, 64 in.]

Frame Longitu- . Normal Failing
Spec~ -spac— dinal restraint moment Remarks
imen ing spacing coefficient B.K.F.

(in.) (4in.) (for L=64 in.) (in.-1b)

12 2 2.53 168.0 114,000 XNo sheet wire-braced
2 4 2.53 118.2 : 88,500 Do.
18 4 5.06 70.0 56,000 Do.
19 8 5.06 41.4 43,800 Do.
20 16 5.06 29.3 31,000 Do.

21 32 5.06 12.2 22,300  Do.

28 18 2.5% 255.0 168,500 0.010 in. sheet—cov-
ered

25 8 2.53 328.9 220,000 Do. '

26 4 2.53 452.4 374,000 Do.

27 2 2.53 614.0 369,000 Do.
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Fig. b

Figure 5.~
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Fig. 7
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